Background: The purpose of this study was to investigate daily physical activity (PA) patterns of 8-to 9-year-old Irish children from socially disadvantaged areas. Methods: Children (N = 408) were asked to wear an ActiGraph accelerometer for a minimum of 4 days. Based on mean daily moderate-to vigorous-intensity PA accumulation, participants were grouped into sex-specific quartiles (Q4, most active; Q1, least active). Principal component analysis was used to identify distinct time blocks for weekdays and weekend days. Results: Overall, 213 participants (8.7 [0.5] y) met accelerometer inclusion criteria. Of these, 56.7% met the 60 minutes of moderate-to vigorous-intensity PA per day guidelines, with males statistically significantly more likely to do so than females (P < .01). Principal component analysis revealed 3 distinct time periods on weekdays and 4 distinct periods on weekends that children were active. The total difference in moderate-to vigorous-intensity PA accumulation between Q4 (most active) and Q1 (least active) was greatest in the after-school time period (male: 49 min and female: 33 min) on weekdays and in the evening time period on weekends (male: 33 min and female: 19 min). Conclusions: After-school and weekend evenings are critical "activity rich" time periods in terms of the gap between our most and least active disadvantaged children.
Socioeconomic status (SES) refers to educational level, family structure, household income, and affluence of neighborhood. 1 In children, low SES is suggested to be related to negative physical health markers including obesity 2 and unhealthy lifestyle behaviors, such as malnutrition, low physical activity (PA), and sedentary behavior. 3 The authors of the Growing Up in Ireland study 4 highlighted gender and socioeconomic inequalities in health in Irish children and the potential link to higher levels of obesity. The Health Behaviour in School-Aged Children 5 study also demonstrates that a greater proportion of Irish children from higher social classes report participating in vigorous exercise 4 or more times a week than children from less affluent social class groups. The Growing Up in Ireland study 4 recommends that increasing rates of participation in sports and exercise among children from lower socioeconomic groups should be targeted.
The need for specific interventions to target PA during specific time periods for Irish children is highlighted in the recommendations of Woods et al. 6 Before truly targeted intervention strategies can be developed, however, further information on the patterns of PA participation of younger children during specific time periods is needed. 7 A number of international studies are worthy of note in this regard and are discussed below.
Using principal components analysis (PCA), Trost et al 8 found that adolescents (12-16 y) weekday and weekend PA participation each converged into 3 distinct time periods (weekday: 7-11.59 AM, 12-4.59 PM, and 5-8.59 PM; weekend: [8] [9] [10] [11] .59 AM, 12-4.59 PM, and 5-8.59 PM). Mota et al, 9 using the same analysis, found that for 8-to 15-year-old children, weekday PA participation converged into 4 distinct time periods (10-12 PM and 2-7 PM, 12-2 PM and 7-9 PM, 9-10 AM, and 9-10 PM). These studies did not, however, investigate whether patterns of PA differed across these time blocks for high and low active children, for example, those exceeding the 60 minutes of moderate-to vigorous-intensity PA (MVPA) per day guideline 10 and those falling far short of it. Knowing when the most active children partake in PA may prove valuable in helping practitioners develop interventions for those who are not as active. 7 Fairclough et al 11 categorized children (10-11 y old) into sexspecific quartiles based on their MVPA levels (Q1, least active; Q4, most active). They reported that children in Q1-Q3 were statistically significantly less active on the weekends than on weekdays, while children in Q4 maintained their PA levels consistently across weekdays and weekends.
Garriguet and Colley 12 reported that for younger children (6-10 y), the lunchtime period (defined as 11 AM-1 PM) was the most active period of the weekday and that the most active tertile of children (based on MVPA accumulation) accumulated more MVPA in all periods of the day than the other 2 tertiles. (The school day was broken into seven 2-h blocks from 7 AM to 9 PM.) In an Irish context, a recent study 7 again using PCA, found that PA participation for the 12-to 14-year-old cohort of postprimary Irish children converged into 3 distinct blocks on weekdays ("around school" 8-10 AM and 4-5 PM, "during school" 10-4 PM, and "after school" 5-9 PM) and on weekends ("morning" 8-11 AM, "midday" 11 AM-3 PM, and "afternoon" 3-9 PM). When PA participation in these specific time blocks was investigated according to sex-specific quartiles (representing the least [Q1] to most
[Q4] active children in terms of MVPA participation), it was found that Q4 males were statistically significantly more active than Q1 and Q2 males in all time periods except for weekend mornings (the least active period overall for males). 7 A lower variation in MVPA is observed for females than males across quartiles; however, Q4 females were statistically significantly more active than Q1 females in all time periods except the weekend morning. 7 Taken collectively, the type of information presented in the previously mentioned studies can help point researchers to particular time periods that do not seem compatible with PA for any activity group, highlighting barriers to PA that may exist, and that should potentially be addressed. Such information is invaluable in terms of informing intervention development and structure. However, in review of the previously mentioned studies applying PCA to youth PA, the SES of the participants was not considered. Research including samples from the United Kingdom 13 and Ireland 14 suggests that many factors influence lower levels of PA in youth from areas of low SES, including neighborhoods for lower SES groups often being constructed with poorer and fewer recreational facilities 14 or because of expensive costs for using recreational, sporting, or PA facilities. 13 In addition, both parents 14 and children 13 of low SES perceive their neighborhood as less safe, as is often the reality for low SES neighborhoods, which may discourage children from taking part in activities outdoors or in the evenings. Understanding how some youth manage to achieve the 60 minutes of MVPA/day guidelines in such an environment may be crucial for developing strategies and interventions to help other youth in the same environment to meet this target. Ball et al 3 (p1) highlight that "Given the disproportionate burden of ill health carried by people experiencing socioeconomic disadvantage, all our nutrition and physical activity interventions, programs and policies should be designed to reach and positively impact these individuals at greatest need."
The aims of the current study were to investigate (1) patterns of weekday and weekend PA participation in younger children (aged 8-9 y) from areas of social disadvantage and (2) trends across varying time periods based on sex and overall PA level of participants. The study will contribute to a knowledge gap in the patterns of PA in young people, [7] [8] [9] 11, 12 and in so doing, inform the design of effective interventions for at-risk or vulnerable childhood populations.
Methods

Participants and Recruitment
This cross-sectional research was carried out as part of a larger longitudinal clustered randomized control trial called "Sport for Life: All Island," a healthy lifestyle intervention for children aged 8-9 years across the island of Ireland, including both Northern Ireland (NI) and the Republic of Ireland (ROI). Baseline data presented in this article were collected between September/October 2014 and January/February 2015, corresponding with the delivery of Sport for Life: All Island across the island. Ethical approval was granted by the University of Ulster Research Ethics Committee (REC/14/0070).
Primary schools from areas of social and economic deprivation across Ireland were identified using statistical databases and were invited to take part in the study via a letter to the principal. Hindering consistent SES comparability, the 2 jurisdictions, NI and the ROI, do not use one consistent index of deprivation. As such, the measure employed to define deprivation derived from the respective governments within each individual jurisdictions. In NI, all schools included in the Multiple Deprivation Measure 2010 (NIMDM and as such identified by the NI government as being in areas of lower SES) were invited to participate. This database consists of 7 domains of deprivation including income, employment, health, education, proximity to services, living environment, and crime. The schools invited for participation in the ROI were from the Delivering Equality of Opportunity in Schools (DEIS) index. The ROI government identifies schools listed on the DEIS index as disadvantaged because of their socioeconomic conditions and corresponding catchment area. Socioeconomic variables in the DEIS database include local authority accommodation, lone parenthood, travelers, large families (5 or more children), and pupils eligible for free books. From the 98 schools that responded, 27 schools met the inclusion criteria for research which involved (1) schools must have a sports hall and (2) they must be coeducational (include both genders) or have a comparative number of participants in a similar single-gender school. These schools were approached for recruitment through a follow-up phone call with the school principal to confirm their participation. Principals from all 27 primary schools consented to participate (ie, 100% response rate), with informed parental consent and participant assent subsequently granted for 408 participants. All participants were free to withdraw from the research at any stage.
Procedures
Body weight (in kilograms) and standing height (to the nearest centimeters) were directly measured using a Seca Portable Height scale and a Seca calibrated heavy-duty scale (Seca Ltd, Hamburg, Germany). Participants were asked to wear an ActiGraph GT1M, GT3X, or GT3X+ accelerometer (ActiGraph LLC, Pensacola, FL) for a period of 8 days on the midaxillary line above their right hip. Data from the y-axis on each monitor were used as it has been shown to be comparable across monitors. 15 Accelerometers were set to record using 5-second epochs. Using ActiLife software, the first day of accelerometer data was omitted from analysis to allow for subject reactivity. 16 Monitor nonwear was defined as ≥20 consecutive minutes of zero counts. 11, 16 A day was deemed valid if there was a minimum of 10 hours recorded wear-time. 17 The minimum number of valid days required for inclusion in analysis was 3 weekdays and 1 weekend day. 18 Minutes in MVPA were estimated from the data using the Evenson et al 19 cut points; MVPA: ≥2296 counts/min.
Data Processing and Analysis
Mean daily, weekday, and weekend day MVPA were calculated. Sex-specific MVPA quartile cutoff values 11 were calculated to categorize males and females separately into 4 groups based on daily MVPA representing the least active quartile (Q1) through to the most active (Q4). All data were analyzed using Statistical Package for the Social Sciences (version 20; IBM, Armonk, NY) with alpha set at P < .05. To control for potential confounding effects, independent sample t tests were used to identify statistically significant differences in terms of body mass index (BMI) and age between participants who met the accelerometer inclusion criteria and those who did not. Furthermore, in order to control for the potential impact differing methods of determining deprivation between NI and the ROI had on our main variable of interest, an independent samples t test was used to identify if statistically significant differences in daily MVPA between participants from the NI and the ROI existed. A 1-way analysis of variance was used to determine if there was any difference in BMI by MVPA sexspecific quartile category. Descriptive analyses were calculated for all variables, and further analyses were then carried out between and within sexes, using paired sample t tests, a multivariate analysis of variance (with Bonferroni adjustment for multiple comparisons), and a chi-square test.
To determine whether specific time blocks during the day contributed more or less to the variation in MVPA, the average minutes of MVPA from each 60-minute block between 8 AM and 9 PM were subjected to a PCA with varimax rotation (employed for ease of interpretation and reporting 20 and for consistency with previous research 8 ), analyzed separately for weekday and weekend day. To test if the data set was adequate for factor analysis, a measure of sampling adequacy of Kaiser-Meyer-Olkin was applied. A minimum eigenvalue of 1.0 was used to accept a factor as statistically meaningful. 21 A coefficient of 0.3 or above was considered an important factor loading. 20 The results of PCA were then used to guide categorization of weekday and weekend day MVPA data into distinct time blocks. Data within each time block were averaged to represent minute/hour of MVPA. A mixed between-within subjects analysis of variance (4 groups × 7 time periods) was conducted to assess the impact of quartile grouping on participants' minutes of MVPA across the distinct time blocks; post hoc analysis was carried out with Bonferroni adjustment for multiple comparisons.
Results
Of the original sample of 408 participants, 213 (52%) met the stringent accelerometer inclusion criteria (thus termed the "valid sample"). Results did not identify any statistically significant differences in terms of BMI or age between the original and valid samples, and as such remaining analyses were carried out on the valid sample only. Participants (n = 213; male = 54.5%) were 8.7 (0.5) years and 19.1 (4.5) kg/m 2 . Furthermore, no statistically significant differences were observed in daily MVPA between participants from NI and the ROI. There was no statistically significant difference in BMI for the 4 MVPA sex-specific quartiles: F(3, 201) = 1.4, P = .25.
Overall, 56.7% met the 60 minutes of MVPA/day guideline (calculated as an average over all valid days); this broke down as 65.5% of males and 46.4% of females, with a statistically significantly greater proportion of males meeting the guideline than females, χ 2 (1, n = 213) = 7.88, P < .001, φ = −0.19. A statistically significant difference was observed between males and females, with males accumulating statistically significantly more MVPA than females daily (P = .002) and on both weekdays (P = .01) and weekend days (P = .02). No statistically significant difference between weekday and weekend MVPA accumulation was observed either for males (70.13 vs 75.31 min, respectively; P = .08) or females (61.9 vs 63.62 min, respectively; P = .54).
Results of the PCA confirmed the factorability of both the weekday and weekend data, with the Bartlett test of sphericity statistically significant in both cases (P < Tables 1 and 2 display the rotated components matrices presenting the loadings for these components for weekday and weekend, respectively. The bold values indicate the time blocks that load strongly on each component. This rotated solution revealed the presence of a simple structure. 22 Weekday MVPA time blocks were calculated as follows: "morning" 8 to 9 AM and 10 AM to 1 PM, "school transitions" 9 to 10 AM and 1 to 2 PM, and "after school" 2 to 9 PM. Weekend time blocks were calculated as: "early morning" 8 to 11 AM, "midday" 11 AM to 1 PM, "afternoon" 1 to 5 PM, and "evening" 5 to 9 PM.
The mean minutes of MVPA/hour within each time block, for each quartile grouping, are presented in Table 3 for males and females, respectively. The row labeled "Q4 − Q1" displays the difference in terms of minutes per hour between the most and least active quartiles, while the "total differences" row displays the total difference between the groups when the duration of the time block is taken into account. A statistically significant main effect for time was found for both males (P < .001, η 2 p = .713) and females (P < .001, η 2 p = .748). Similarly, a statistically significant interaction effect between quartile grouping and time was also found for both males (P < .001, η 2 p = .273) and females (P = .04, η 2 p = .202). On weekdays, both males and females were statistically significantly more active in the morning than during school transitions (P < .001) and were statistically significantly more active after school than during either the morning (P = .01 for males and P = .01 for females) or school transitions (P < .001). On weekends, males were statistically significantly less active in the early morning than in the afternoon (P < .001) or in the evening (P = .01), while females were statistically significantly less active in the early morning than in the 3 subsequent time periods (P = .003, P < .001, and P < .001, respectively). Statistically significant differences in MVPA accumulated in the different time periods across quartile are shown through annotation in Table 3 . Q4 males and females were statistically significantly more active than their Q2 and Q1 counterparts (P < .05) in all time periods other than weekday morning and school transitions. For males, the difference between Q4 and Q1 was greatest in the after-school period on weekdays (equating to a total difference of 49 min across this 7-h time period) and the evening period on weekends (33-min total difference across this 4-h time period). For females, the greatest difference was similarly the after-school period on weekdays (32-min total difference) and the midday period on weekends (11-min total difference across this 2-h time period). The evening period on weekends for females had a total difference of 19 minutes.
Discussion
In this study, 56.7% of the 8-to 9-year-old participants met the 60 minutes of MVPA/day guideline. Few studies have measured PA levels of Irish youth from areas of low SES, and there are no published studies that the authors are aware of which have used accelerometry, or worked so specifically with a low SES population; as such it is difficult to draw direct comparisons. Breslin et al 23 highlight that 21.9% of children from areas of low SES in NI (8-9 y old) self-reported to meet the 60-minute guideline. While accelerometry was also employed in this study, 23 cross-sectional data are not presented in a format comparable with the present data set. When we compare the data from the current study to the 42.4% reported to meet the guideline in Belton et al, 7 a recent study that applied the same measurement methodology and processing decisions but with an older Irish cohort (12-14 y) , we see that the previously reported 24 age-related decline in PA is evident.
Consistent with previous studies, 5-7,9,11,25 males were found to accumulate significantly more minutes of MVPA daily, and on weekdays and weekend days than females. The longitudinal study carried out by Brodersen et al 26 confirms that an age-related decline and gender disparity in PA level exist irrespective of SES or ethnicity. It is worth noting, however, that while the gender difference in the current study is statistically significant, the effect size (0.085) is relatively small (as measured by η 2 p ), highlighting that differences between genders are smaller at this younger low SES age group than reported with older children from the general population. 7 It is also possible that the established larger differences between genders may have been somewhat overestimated when measured by the commonly used self-report method.
In order to discuss findings in terms of time periods, it is useful to describe the Irish primary school day, as the school day can vary quite a bit from country to country. In Ireland, the primary school day runs for 6 hours; however, start and end time can vary from school to school by as much as 1 hour. Some schools may start at 8.30 AM, while another school in the same locality may start at 9.00 AM and another at 9.30 AM; with all schools finishing at staggered times 6 hours later. (The reason for the staggered start and stop times is generally to reduce traffic congestion in a given area.) This also means that lunch times, typically 30 minutes in duration, vary from school to school. The varied start times helps in large part with understanding and interpreting the "school transitions" period (9-10 AM and 1-2 PM); with different schools having different start times, and thus different lunch times, these two 1-hour blocks capture some of the active transportation and school yard play that takes place immediately before school, along with the lunch time play in the middle of the day.
The most active period of the weekday for both males and females was the after-school period (2-9 PM); this is in contrast to the findings of a study in Canada, 12 where they found that for 6-to 10-year olds, the school lunchtime (11 AM-12.59 PM) period stood out as the most active. Similarly, in a study by De Baere et al 27 involving 10-to 14-year olds in Belgium, researchers found that school time was one of the most active periods for their population. This may likely reflect different approaches to school and lunchtime activities between the school systems in different countries, or indeed different durations of lunchtime breaks, and varying climates across the countries. Consistent with the current 27 did, however, confirm the early evening period (defined at 3-5 PM) as one of the most active time periods. Though this was with an older age group, it does perhaps confirm the consistent importance of this period immediately after school for PA for both younger and older children, and youth varying levels of disadvantage.
On weekends in the current study, fewer statistically significant differences were observed between time periods; however, students were significantly less active in the early morning period (8-11 AM) than most other weekend periods. This is consistent with the findings of a study with an adolescent cohort, 7 albeit comprising youth from a general, rather than low SES, population. Given no other studies that we are aware of have investigated weekend day patterns of PA in this way, wider comparisons in this regard are not yet possible. It is probably not surprising that this is the least active period at the weekend, given the children do not have school and parents for the large part may not have work; the day may be a little slower getting started. If we consider the specific cohort in this study, children from schools designated as low SES, we can consider the suggestion made by Stalsberg and Pedersen 14 also, of parents having less "real spare time." These authors suggest that families from areas of low SES may have to work "unfavorable" jobs, including evening or night shift, as such parents may not be in a position to be up early facilitating PA with their children. 14 The most active cohort of children in the current study, Q4, were significantly more active than their Q2 and Q1 counterparts in the weekday after-school period (2-9 PM); the period that was also the most active time period of the weekday overall. This was true for both males and females. This is consistent with previous study findings 7 and again highlights the importance of this period as crucial for PA as identified in other research. 27 In the current study, Q4 males accumulate close to 49 more minutes of MVPA than Q1 males during what seems to be a critical activity rich 7-hour time period after school. A recent study examining extracurricular PA in Irish adolescent males from areas of low SES, similarly found that those who participate in activities in the after-school period are significantly more active overall and scored more positively on a number of psychosocial subscales. 28 For females, this weekday after-school figure equates to approximately 33-minute differences between Q4 and Q1 females. These durations compare with figures of 22 and 16 minutes, respectively, for males and females within the adolescent cohort. 7 While it must be noted that the after-school period was 4 hours long (5-9 PM) in the adolescent study, 7 when compared with the 7-hour period (2-9 PM) among the younger children in the present study (probably reflecting the longer school day, and the greater homework duration, of the older cohort), we can still consider that the after-school period has arguably a much greater influence on PA levels in this younger age group.
On weekends, we see slightly different patterns emerging between males and females. Q4 males were statistically significantly more active than Q3, Q2, and Q1 males in the weekend evening period and statistically significantly more active than Q2 and Q1 in the remaining 3 weekend time blocks. The weekend time period where we see the largest per hour difference between Q4 and Q1 (8.13 min/h), and also the largest difference overall (32.53 min), is the weekend evening period (5) (6) (7) (8) (9) . This is consistent with the findings of Belton et al, 7 where the weekend afternoon period (defined as 3-9 PM) stood out with the greatest difference between Q4 and Q1 males. Q4 females were statistically significantly more active than Q3, Q2, and Q1 females in all weekend time periods. Similar to the previous study, 7 the per hour difference was greatest in the midday period (11 AM-1 PM) for females (5.42 min/h, 11-min total difference), while the impact of the total difference between Q4 and Q1 was again greatest in the evening period (5-9 PM, resulting in 19.2 min overall). Health inequalities in terms of childhood PA participation in Europe have been well reported. 29 One study showed that for adolescents, involvement in PA was linked to social class and economic status. 30 This study further highlighted the need for wider provision of PA in schools in areas of low SES to help ameliorate lower participation levels in this cohort. 30 A study by Poulton et al highlighted the need for policymakers and researchers to direct resources toward children from areas of low SES, in an effort to protect against the negative health effects of socioeconomic adversity. Recent research 7, 27, 31 suggests that it is pertinent to assess trends in childhood PA, particularly as a means of identifying specific contexts for implementing effective interventions (school-based and others). The current study highlights that it is possible for children from areas of low SES to achieve the minimum PA guidelines for health and that the after-school period on weekdays and the midday and evening periods on weekends are the key differentiators between low and high active children in this cohort. As such the authors recommend, in line with Poulton et al, 32 that resources be directed toward this vulnerable population, with interventions targeting the specific identified time periods previously mentioned, as periods when most improvements can potentially be gained.
Strengths and Limitations
Strengths of the current study include the use of an objective measure of PA, the diverse number of primary schools and children involved, the inclusion of schools from both the north and south Ireland, and the use of PCA to carry out analysis. Limitations of this study include the fact that only low SES schools were invited to participate, which limits the generalizability of findings, and does not allow for the comparison of findings across general population groups. In addition, the measures used to define low SES were based on the school's location (ie, in NI) or inclusion on the DEIS index list (ie, in the ROI). As such, it is possible that the children's parents may not have resided in a lower strata with regard to their SES. Further research may improve the classification of children's SES by accessing individual-level data, such as parental income, education, or neighborhood living area. Finally, the low level of students meeting the minimum wear-time criteria met for accelerometer (52%) inclusion must be acknowledged. While several efforts were made to promote compliance, the low adherence is likely explained because of the stringent but rigorous wear-time criteria applied. It is also worth acknowledging the possibility of other influences on children's PA wear-time adherence and patterns that were not measured in the present study (eg, ethnicity). However, the authors are confident that the valid sample remained representative, given there were no significant differences in age or BMI between the original and valid sample. Further research may consider conducting imputation methods for improving sample size, such as multiple imputation or expectation maximization. 20 
Conclusions
Results from the present study suggest that the weekday after school, and weekend midday and evening periods may be particularly "activity rich" periods for disadvantaged youth. These are periods when greatest changes can occur and therefore may be advantageous for targeted PA promotion strategies. Future research should extend these findings by determining whether patterns vary by social class and age. In addition, to better inform potential intervention strategies, it would be beneficial to carry out further research determining why some youth choose (or have the opportunity) to be active at specific time periods while others do not and what types of activities specifically they participate in.
